We introduce the procedures of beam-source synthesis and beam-source migration for wave-equation based imaging methods and test the method with Gabor-Daubechies and local-cosine beamlet migration. Plane-source synthesis and migration are treated as a special case of approximation to the beam-source synthesis and migration. Beam-source migration has both space and direction localization of illumination and is very flexible for target-oriented migration using wave-theory based methods. On the other hand, plane-source migration can increase the computation efficiency of depth migration significantly, up to 5-10 times for the SEG-EAGE salt model and Marmousi model.
Introduction
Reflection seismic data are collected in shot gathers. Each gather is a point source-excited wavefield recorded by a receiver array on the surface. Such a data set can be rearranged (resorted) for different purposes, such as the CMP gathers for Kirchhoff migration. Wave-equation based imaging methods, especially FD method, usually are implemented in shot domain.
The imaging process is to downward extrapolate the point source field and the received reflection field simultaneously, and then apply the imaging condition in the image space. For the offshore data acquisition, each shot has a much limited receiver aperture, but the shot number could be tremendous. However, the downward extrapolation needs a rather large aperture to include all the wave paths. Therefore the shot-domain prestack depth migration is time-consuming and inefficient. Plane-sources have been proposed and applied to prestack depth migration (Taner, 1976; Berkhout, 1992; Rietveld and Berkhout, 1992; 1994; Zhang et al., 1999; Chen et al., 2001 ) to speed up the computation. Beam-sources also have been introduced and employed in the past (Tygel et al., 1991; Sun et al., 2000) . However, in Tygel et al.'s paper, only the vertically incident beams are considered. Sun et al., proposed to group the seismic traces in a way such that the sources and receivers of the traces fall into small surface patches. Then the grouped traces can be migrated together by Kirchhoff migration, corresponding to migration using both source and receiver ray beams.
In this paper, we propose to rearrange and synthesize the data into beam-source excited data for wave-equation based imaging methods. Beam-sources have controlled beam width, beam location and beam direction, and therefore can be applied to target-oriented and structure-oriented imaging in an efficient way (Chen et al., in this volume) . The beamsources can be further combined and approximated to plane-sources, resulting in great improvement in computation efficiency for depth migration. The migration method used here is the beamlet migration with GaborDaubechies (G-D) frame propagator or local-cosine basis (LCB) propagator (Wu et al., 2000; Wu and Chen, 2001 ). However, the principle and method of beam-source and plane-source synthesis discussed here are applicable to other wave-equation based methods as well.
Synthetic beam-sources
The shot-gather seismograms can be rearranged and synthesized into beam-gather seismograms, which corresponds to a data collection process using beamsources. The process is similar to that of aperture synthesis. 
with g(x) as the window function, which determine the beam shape, and s k is the local wavenumber which specifies the beam direction.
The beam function
can be an orthogonal basis (e.g. local cosine basis) or a over-complete basis (e.g. Gabor-Daubechies frame). The original point sourceexcited data can be totally recovered with the reconstruction formula
is the reconstruction basis with g x as the dual window function. In the case of orthogonal basis, g = g, so b = b.
In modern multi-fold seismic data acquisition, the information contained in the data is nonuniformly distributed for image reconstruction. It may have much redundancy for some parts, but have very little coverage for other parts of the image space. Therefore, the stacking of the synthesized sources is not to totally recover the original excitation configuration, but to enhance the effective illumination of the target area for quality, and reduce redundancy in other areas for efficiency. Thus the manipulation and stacking of the synthetic beam-sources is the art of target imaging, but the technique of beam-source synthesis provides the basis and flexibility for the artistry.
If we take the window function as a rectangular window covering the full aperture A s , then the beam-source data in (1) becomes
which is equivalent to the beam-forming process in planesource migration (Berkhout, 1992; Rietveld and Berkhout, 1992; 1994; Zhang et al., 1999; Chen et al., 2001) . It is a special case of synthetic beam-source. This kind of beams has much wider width so that it can be approximately considered as plane waves in case of large A s . However, since it adopts the rectangular window, there are side lobes (edge diffraction) of the beam propagation which could bring severe distortion to the wavefields of the "plane waves", especially near the beam edges at shallow depth and in complex regions. Fig.1 compares the propagations of rectangular-window beam-sources with those of Gaussianwindow beam-sources in the homogeneous medium and Fig.2 gives the similar comparison for the SEG-EAGE salt model. We can see clearly the edge effect of the rectangular beams. 
Plane-source approximation for beam-source excitation
The prestack depth migration using beam-source data and beam-source excitation involves downward extrapolation of both the beam-sources and the data to the image space and apply the image condition there. Stacking all or part of the beam-source images depending on the task of the imaging, the final image can be obtained. Since each beamsource has to be downward propagated separately, the process is time consuming. We will try to increase the efficiency by replacing individual beam-source excitations by global plane source excitation. If we put a unit-strength beam-source will vary along the horizontal direction, but the phase front will be nearly same as the plane-wave excitation. Therefore, we can apply a planesource excitation to approximate the incident fields of individual beam sources. By this way, the computation time for source field extrapolation can be saved considerably.
Plane-source migration
If we stack all the beam-gather data of the same wavenumber 
This is the beam-forming or Fourier transform for the synthesis of global plane-source excitation. In this way the data are transformed into plane-source gather, so that plane-source migration can be conducted with much increased efficiency. The number of s k for imaging depends on the source aperture A s . If A s keeps constant for all the receivers, we can take k s = 2 / A s . We limit the maximum s k to k m = / v s with v s the average velocity on the surface, so the number of plane-sources is proportional to the frequency. For deep targets, we can also limit the largest angle of plane waves to reduce the computation. From our experience with beamlet migration using local cosine bases or G-D atoms, 5 -10 times of reduction in computation can be achieved.
We know that the resorted data excited by plane-sources are, in fact, still beam-source gathers with rectangular wide windows due to the source aperture limitation for each receiver. Using global plane-source excitations to replace beam-source excitations is an approximation. The phase relation will be accurate, but the amplitude distributions of the two types of excitations may be different. This approximation will influence the prestack image quality to some degree. 
Numerical Examples
We apply the beam-source and plane-source migration to both the SEG-EAGE salt model prestack data and the Marmousi model prestack data. The beam-source prestack migration has been employed in a target-oriented way to image the subsalt structures (see Chen et al., this volume) . Fig.3 shows two single-beam images with G-D beamlet migration for the SEG-EAGE salt model. We can see the localizations in both space and direction of a single-beam image. The plane-source migration is used to increase the computation efficiency. We test the SEG-EAGE salt data with the local-cosine beamlet migration and the Marmousi data with the G-D beamlet migration. The obtained images are shown in Fig.4b and Fig.5b , respectively. In comparison, Fig.4a and Fig.5a give the corresponding common-shot beamlet prestack images (Wang and Wu, this volume; Chen and Wu, this volume) . For the SEG-EAGE salt model, we use 53 plane-sources (the corresponding ray parameters p s ranging from -520 to 520 m/s). For the Marmousi model, the number of plane-sources is frequency-dependent, for the highest frequency 89 planesources are used. For both models, plane-source illumination angle varies approximately from 50 to 50 on the surface. We can see that the overall image qualities of both cases are comparable with the common-shot migration images. Taking only the vertically incident plane-source for migration, the images of the two models are shown in Fig.4c and Fig.5c , respectively. Most of the horizontal or near horizontal structures of the models are imaged correctly by the vertically incident plane-source. 
Conclusions
Synthetic beam-sources have localization in both space and direction. Beam-source migration is very flexible for targetoriented imaging using wave theory-based methods. On the other hand, plane-source migration can increase the computation efficiency of depth migration significantly, up to 5-10 times for the SEG-EAGE salt model and Marmousi model.
